Introduction
Catalysis using gold complexes has become one of the most vibrant areas of modern synthesis. 1, 2 In line with progress in the catalytic application of other (late) transition metals, the catalytic chemistry of gold has been strongly stimulated by the availability of N-heterocyclic carbenes (NHCs) 3 as paramount and potent ligands in catalysis 4 and beyond. 5, 6 These NHC ligands convey properties and constraints that are often complementary to the ubiquitous phosphine ligand classes. 7 For example, NHCs stabilize highly unusual and hitherto elusive reactive species. 8 Their success as spectator ligands has generally been associated with two key parameters: the strong donor ability and the high covalent contribution to the metal bond, which is markedly higher than in metal bonding of other dative ligands such as neutral N-and P-donors. 8, 9 Tight metal-ligand bonding has been assumed to impart high robustness of the catalytically active species and thus an essential factor for accomplishing large catalytic turnover numbers. 10 This bonding situation is thus in sharp contrast to the dative bonding of phosphines, which are kinetically labile and undergo dissociation and re-coordination to a (catalytically active) metal center.
observed in Arduengo-type NHC gold systems, which has implications for a broad range of gold-(and indeed other metal-)catalyzed reactions starting from carbene metal catalyst precursors.
Results and discussion
Synthesis of triazolylidene gold complexes. The neutral gold(I) triazolylidene complexes 2a-f
were synthesized from the corresponding 1,2,3-triazolium halides and Ag 2 O and subsequent transmetalation with AuCl(SMe 2 ) (Scheme 1), according to established procedures. Successful metalation of the triazolium salts is spectroscopically indicated by the disappearance of the low-field triazolium proton resonance in the 1 H NMR spectrum and a slight upfield shift of the N-CH 3 resonance. The gold-bound carbon appears in the δ C 152-166 range, in agreement with previously related complexes 17c and significantly upfield shifted in comparison with imidazol-2-ylidene analogues (166-195 ppm) 20 or 1,2,4-triazolylidene gold(I) complexes (168-178 ppm). 20a,21 Complexes 2a, 2b, 2d and 2e were analyzed by single-crystal X-ray diffraction ( Fig. 1) , which revelaed the expected linear coordination geometry around the Au center. The
Au-C trz distances (1.980-1.993 Å) and the Au-Cl bond lengths (2.282-2.290 Å) are within expectation ( Figure 1 ORTEP diagrams of complex 2a,b,d,e (50% probability level; co-crystallized solvent molecules and hydrogen atoms omitted for clarity; only one crystallographically independent molecule of a shown). Moreover microanalysis indicated the halide-free molecular formula. Based on these data, a bimetallic complex was inferred with a bridged ligand coordination mode (Scheme 2). This bonding mode was also observed upon auration of the triazolium salt 1h containing a Bocprotected amine wingtip group. Complex 2h displayed similar spectroscopic features as 2g, including the absence of the NH resonance. Furthermore, a single crystal X-ray analysis of complex 2h confirmed the dimeric connectivity pattern (Fig. 2) . It is worth noting that this transfer process is not exclusive to triazolylidenes and also applies to Arduengo-type carbene gold complexes (Scheme 6). 28 Thus exposure of AuCl ( [4] [5] [6] . Interestingly, this is a synergistic effect, as addition of only a base is detrimental to conversions (entry 5). The use of a base shifted the product distribution from an essentially 1:1 cis/trans ratio to 3:1 in favour of the trans isomer. In contrast, the reaction temperature had no impact on the stereoselectivity of the condensation (entries 6-9). However, the reaction temperature directly correlated with the conversion rate. While reactions at 0 °C required almost 24 h to reach completion, full conversions were accomplished within only 30 min at 40 °C under otherwise identical conditions. Control experiments were performed in order to determine whether the condensation is gold- Based on this presumption, the catalytic inactivity of the bis(carbene) complex 4a is not unexpected (entries 5-7). With added AgBF 4 (1 equiv per Au), activity is resumed, albeit relatively low (59% after 10 min). Performance is substantially increased, however, when 10 equiv AgBF 4 were added (94%). This reactivity pattern is commensurate with triazolylidene dissociation as catalyst activation step, yielding predominantly a weakly active mono(carbene) complex at low Ag/4a ratio, and inducing dissociation of both carbene ligands at higher Ag/4a ratios to give an active species identical to that obtained from 2a and AgBF 4 . Since the free carbene is catalytically silent (vide supra), these results taken together strongly suggest that the catalytically active species is a triazolylidene-free species, either a ligandless 'hot' Au + ion or a gold aggregate (cluster or nanoparticle). 37 Small gold clusters have been recently reported to be extraordinary active in C-C bond forming reactions. 38 Further support for the formation of aggregates was obtained from analysis of the catalytic reaction mixture by dynamic light scattering, revealing the presence of particles in the 100 nm range once AgBF 4 was added to a solution containing complex 2a and the substrate (Fig. S1 ). Repetitive experiments indicated consistently similarly sized particles, suggesting that additives (carbenes, triazolium salts, or amine) may be involved in stabilizing the particles and in preventing the formation of larger aggregates. 39 Such a model provides a rationale for the synergistic effect of Ag + as carbene transfer agent and the base as particle stabilizer in catalytic reactions (cf Table 2 ). While the formation of smaller (and presumably more active) particles cannot be excluded due to the intrinsic principles of light scattering, these data reveal that aggregation of the ligandless gold ions is occurring under catalytic conditions. It is worth noting that these in situ generated nanoparticles induce substantially higher catalytic activity than AuCl(SMe 2 ), which probably suffers from aggregation in CH 2 Cl 2 as the solvent for this catalytic reaction (entry 8).
Carbene dissociation from complex 2a was further confirmed by NMR spectroscopy. Under catalytically relevant conditions (1 equiv AgBF 4 , 40 °C) the mono(triazolylidene) complex furnishes 5-10% of 4a within 10 min, as indicated by the appearance of the characteristic resonances at 6.92 and 6.86 ppm for the aromatic mesityl protons and the inequivalence of the three CH 3 groups of the mesityl wingtip group. 40 These results underline the kinetic lability of the Au-C trz bond and support the formation of an active Au species via triazolylidene dissociation in the presence of Ag + .
Evaluation of complexes 2a-g (Table 4 , entries 1-6) revealed no direct correlation between catalytic activity (TON, TOF) and the steric or electronic properties of the triazolylidene wingtip groups. For example, sterically demanding adamantyl/phenyl substituents induce similar activity as two mesityl groups (entries 1,5). Furthermore, only very minor differences were observed in cis/trans selectivity of product formation, suggesting that the triazolylidene wingtip groups are not involved the condensation step. When using the chiral triazolylidene gold complex 2g, no asymmetric induction was observed and the obtained product mixture was racemic according to chiral HPLC analysis. The absence of any enantio-or diastereoselective control even with 2g suggests a common catalytic species from complexes 2a-g that is not related to the triazolylidene ligand, in agreement with carbene dissociation as catalyst activation step. 41 The rate of dissociation is likely dependent on the wingtip groups, hence providing a rationale for the different activities (yet identical selectivities) observed with complexes 2a-g. Accordingly, the activities observed in the series of complexes reflect the lability of the carbene ligand rather than the ligand-induced differences at the gold center. Thus, methoxy-substituted aryl wingtip groups (2b) or tBu wingtips (2d) imparted highest activity and gave complete conversion within 5 min (entries 2,4). Activity differences for these two complexes unveiled only when reducing the catalyst loading from 1 to 0.5 mol%. Under these conditions, catalysis initiated by complex 2b
was significantly faster and achieved full conversion within 30 min while complex 2d required about twice as long (entries 7,8) . Time-conversion profiles (Fig. S2 ) provided pertinent turnover frequencies (TOFs). At 50% conversion, complex 2b reached a TOF 50 = 2000 h -1 . To the best of our knowledge this is the highest activity reported for catalytic oxazoline synthesis to date. 30, 31 Further lowering the catalyst loading to 0.01 mol% is possible, though reaction time has to be considerably extended to accomplish the 10,000 turnovers for full conversion (2d, entry 9).
Further lowering of catalyst loading was not productive (entry 10). The substrate scope was investigated with the catalyst precursors 2b and 2g (Table 5) .
Benzaldehydes with electron donating and withdrawing substituents were converted well and no significant electronic differentiation was noted. Bulky tBuCHO was poorly converted, presumably due to steric limitations. However these restrictions increased substantially the selectivity towards the trans diastereoisomer, lending further support to a substrate-controlled regioselectivity of the condensation and a marginal role of the triazolylidene ligand in the catalytic cycle, if any. In agreement with such a reactivity pattern, earlier work has demonstrated the critical role of (chiral) anions in determining the product selectivity in the protodeauration step of related condensation reactions. 
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Conclusions
Triazolylidene gold complexes are precursors for highly active catalysts for the synthesis of oxazolines. Mechanistic investigations and stereoselective considerations provide strong evidence for triazolylidene dissociation as a critical step of catalyst activation. This dissociation is facilitated by the presence of AgBF 4 as carbene transfer mediator, a role of silver that is often underestimated in metal catalyzed reaction and that reaches significantly beyond classical halide scavenging. Once activated, appreciable turnover numbers (10 5 ) and frequencies (10 4 h -1 ) are achieved. The carbene transfer is spontaneous, albeit slow, and considerably accelerated in the presence of Ag + ions. Transfer is not restricted to triazolylidenes and is also demonstrated for the more frequently used IMes as representative of Arduengo-type NHCs. These results call into question the often cited and generally assumed stability of the Au-C NHC bond in catalytic applications, in particular when silver salts are used as additives. 43, 44 Carbene dissociation processes as demonstrated here provide ligandless metal centers that impart high catalytic activity. Noteworthy, in such a model the different observed catalytic activities do not reflect ligand-induced changes at the metal center, but different dissociation propensities of the ligands in the activation step. Such reactivity patterns may be relevant beyond gold-centered NHC chemistry and warrant a cautionary note when assuming a 'strong' or 'kinetically inert' bonding of NHCs to metal centers, especially to coinage metals. Metal-triggered ligand dissociation provides interesting perspectives, e.g. for supramolecular chemistry (self-assembly) and for generating latent catalysts that can be activated selectively, a process that is much harder to achieve with other neutral donor ligand systems such as imines or phosphines.
Experimental section
General. 1-(3,4,5,-trimethoxyphenyl)-4-(4-methoxyphenyl)-1,2,3-triazole 45 and the triazolium salts 1a, 46 1c, 47 1g, 23 and AuCl(IMes) 20c were described previously. The synthesis of all new triazoles and triazolium salts is reported in the supporting information. All solvents used for the reactions were purified using an alumina/catalyst column system (Thermovac Co.). Ag 2 O was freshly prepared according to literature procedures. 48 All other reagents are commercially available and were used as received. Unless specified otherwise, NMR spectra were recorded at 25 °C on Varian Innova spectrometers operating at 300, 400 or 500 1, 140.9, 138.1, 135.7, 134.3, 129.6, 129.3, 122 .3 (8 × C Mes ), 36.9 (NCH 3 ), 21.5, 21.4, 20.3, 7, 141.6, 138.6, 134.9, 129.9, 129.6, 129.3, 122.7 (8 × C Mes ) , 37.4 (NCH 3 ), 21.7, 21.6, 20.4, 3.60; N, 7.15. Found: C, 38.58; H, 3.30; N, 7.05. 126.4, 124.3 (8 × C Ar ), 38.3 (NCH 3 , 5.38; N, 8.31. Found: C, 40.33; H, 5.22; N, 8.28 .
Complex 2g
134. 7, 134.3, 129. with Cu-K α (1.54178 Å). A complete dataset was collected, assuming that the Friedel pairs are not equivalent. An analytical numeric absorption correction was performed. 49 The structures were solved by direct methods using SHELXS-97 and refined by full-matrix least-squares fitting on F 2 for all data using SHELXL-97. 50 Hydrogen atoms were added at calculated positions and refined by using a riding model. Anisotropic thermal displacement parameters were used for all nonhydrogen atoms. Crystallographic details are compiled in the supporting information (Tables   S1-S8 
